The structures of diaqua(1,7-dioxa-4-thia-10-azacyclododecane)nickel dinitrate, [Ni(C 8 (I) and (III) are the same and distinct from that identi®ed for (II). These differences are in agreement with molecular-mechanics predictions of ligand conformation as a function of metal-ion size.
Comment
The coordination chemistry of 12-membered macrocycles has been dominated by the symmetrical N 4 (cyclen) and O 4 (12-crown-4) ligands. Mixed-donor macrocycles have been much less extensively studied, due in part to the greater complexity of their syntheses. There are a number of possible combinations of N-, O-and S-donor atoms in a 12-membered macrocyclic ring (substituted at the 1,4,7,10 positions), and it has been found that judicious replacement of heteroatoms by either harder or softer donors can have a marked effect on the thermodynamic stability, and hence metal-ion selectivity, of the macrocycle (Byriel et al., 1993; Afshar et al., 1999; Marcus et al., 1999) (Fig. 1) comprises separate complex cations with neither anion bound to the metal. The Flack (1983) parameter [0.00 (2)] establishes unequivocally that the space group P6 5 is correct and not the enantiomorphic P6 1 space group. The complex cation is six-coordinate, with the macrocycle adopting a non-planar cis conformation. The two aqua ligands are thus forced to occupy cis coordination sites. The aqua ligands exhibit the shortest coordinate bonds (Table 1) , the ether and amine donors display slightly longer bond lengths, while the NiÐS bond is the longest, as expected. There are a number of hydrogen bonds involving both the aqua ligands and the amine-H atoms as donors ( Table 2) . The macrocycle adopts an asymmetric [2424] conformation (Buschmann, 1987 conformation (White et al., 1987) . More common are structural reports of N-functionalized derivatives of L 2 (so-called lariat ethers; Schultz et al., 1985) .
The structure of [CuL 3 (OH 2 )(ONO 2 )]NO 3 (L 3 = 1-oxa-4,7,10-triazacyclododecane) ( 2+ structure. The electronic preference of Cu II for axially elongated ®ve-and six-coordinate geometries is evident from the signi®cantly longer axial CuÐO2 and CuÐO5 bond lengths (Table 5 ) compared with the equatorial bonds involving the N-donors and aqua ligand. Numerous hydrogen bonds are formed involving the aqua ligands and the amine-H atoms as donors (Table 6 ). This structure is closely related to [CuL 3 Br]PF 6 (Felix et al., 1994) , where a bromo ligand replaces the aqua ligand in the present structure. The other structural report of an L 3 complex is that of [MnL 3 (NCS) 2 ] (Zhang et al., 1992) . It has been established that 12-membered macrocycles are too small to encircle a metal ion, and either cis-octahedral coordination or square-based pyramidal structures are found. In no case is the metal coplanar with the four donor atoms. We have reported recently a molecular-mechanics analysis of the conformational preference of the 12-membered N 3 S macrocyclic relative of L 1 for metal ions of various sizes . The conclusions of this analysis were that the [3333] conformation of ligands of this class will be dominant when the metal±ligand bond lengths are large (>2.25 A Ê ), and the crystal structures observed so far are in agreement with this.
Experimental
The title complexes were crystallized from methanolic solutions containing equimolar amounts of the corresponding metal(II) nitrate and ligand L 1 (Byriel et al., 1993) , L 2 (Calverley & Dale, 1981) , 1986) .
Compound (I)
Crystal data (OH 2 )(ONO 2 )] + showing 30% probability ellipsoids. 
Compound (II)
Crystal data metal-organic compounds Table 2 Hydrogen-bonding geometry (A Ê , ) for (I). Ligand-associated H atoms were constrained using a riding model. All water-H atoms were ®rst located from difference maps before being constrained.
For all compounds, data collection: CAD-4 Manual (Enraf± Nonius, 1988); cell re®nement: SET4 in CAD-4 Manual; data reduction: Xtal3.2 (Hall et al., 1992 ); program(s) used to solve structure: SHELXS86 (Sheldrick, 1990 ); program(s) used to re®ne structure: SHELXL97 (Sheldrick, 1997); molecular graphics: PLATON (Spek, 1990); software used to prepare material for publication: SHELXL97.
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